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b * > U > ^ff* (Yn) *ft * -9" > ^ * ^ 

^(1) 

*rfe-9->y; >^«-^(Yn)w+ i , o, — i o 3 -fig *<j 

gLt, «3ee*(Xn)*f**3ffl[fl5feiatt(2) 
>•?>)> (Yn-1 ) £ ft £ » 1 WSffi^S (3) i: , 

n-l)«rft*»2 0aiS¥S(4) 

«reafi+ > 7* > ^flr-s- (Yn-i ) t mum^m^r an) t 

«fl2-9">'7' 1 ; >^«-f-(Yn) t«rEaffifl3e«*(xn-i) t 

*>**«JM-**2«>#tt*S<6) 

IHrSHSl **2*>*Mt*»(5). (5)*^5.ftfc«o8 

ttot^n^i S^jftJgOfll*.^ t *>tt*K* (Zn) 

*«ffi-i-*3l§*»(7) 

i <T>®MW*g.{lr>) * W-ttft-t Z> )V - -f -? 4 )l> 9 (8) t , 
TflMft ©ftffliSM (Zn) •c|&«E*»tf I W«i S it * ^ff ©J 
»»«»(9) fc, 

fflfE-*>r , j >ym-%-Qin)t. 1 v>**^a*t?ta@-9- 

(C 0 U^;H-4ro/cB#«±fltrf2^-'/7 ■< (8) ^-OA 

*fl**a»fL, iwiB*ff»i)si5&*»(9) 

0 U^*ettl]l&<10)£*:«;L*£fc*4#«fc + *»iK 

y; V (YiOilWlBaffi-frV/ 'J V^fc-^Yn-Dfc 

*ivFitHtti:JtttU *i:ix.iv>i^^tot, TO 

LT»fcitfc¥i4j«M*fl-EELT»fc it 
fc t OT* i C t *#t 1 1 2 i:E«Ol*f 

[ffi*9 5] mFfS 0 U^;H£tl[!S&(10)a*, «Tia+> 
•/■J >^«*(Yn)Oi|^4i*»*LTHI«fcifcttU » 
JHl)6 t BMI*»x4v»»-ft'* tor, M#A J 0 u^<;n; 
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[0 0 0 1] 

3 1 § ai* * RSihi" * - t 5&*T # £ iS^v, f 4 * * 5Stttf> * 
S©/hSHfc, *S*ffc*a«-*-4 fc* KB******* < 

- •> t ^ *>^^Ol^f ^ ? ^itli, B£ 

< *>y; ^^LfcgAffiLff* 

fpES^a-y ^-Srlf^i-^^ft^i: c,iti3t), 

di* ommvt * ia]± s * w 1 7ii j a * k-c ^ & 0 

20 [0 0 0 2] 

^it^rlS^r'^^^D^Cj^v KHlcJ: ij^m^it^ 

^-ftlelSS PECio T/<- v -v ;u^-ft $ it, ^'fbS^.ffi 
fEQtiott>7'Jl'*jK6 1 ICA^^it-So 
[0 0 0 3] tv/Jl'*;^ 6 1 T-Ji, /t-i/V )\>2$it 
^it^S^-B-^EQ^Cj-if >-/!J V^-ff-f Yn ^ftf>it 
So C<D-9">-7"J V^IfYn l±, 3^^088 6 2, 
30 » 1 ^SiESf^ 6 3, Si W T- 9 ft±U 7 0 ic A* £ 
it&o 3 H*J^[1IS& 6 2-Cli-9->y; V^Ml-^-Yn © + 
1. 0, - 1 0>3 0Wflj£3it, *0je«*Xn * f ft^ 
tt, ;jx^lWtSlf6 5i, S2©i®f^64 
i;A*$ita 0 f Lt, Ht 1 waiSlfT-6 3 fli. A* 
SjtTt-* vyj >^{i-^Yn 1 -> >*";wa*tfca® 

-Cli, *U^m-§-Xn 1 v V^A-aitfcfflttflJSffi-* 
Xn-1 tfftbixho 

[0 0 0 4] li^V^'J >^-?-Yn-l tWtflfX 

fll-5-Xn-l il±»2 W»ltgf?6 6 KA2l£it, 
M^©ffl34*}R^^iti 0 US 1 £ft2 0&tt*S6 5, 6 
6^c>ff ibit/:fHi3|gff»6 7 icA^^it, 
#co^^ f «»$it^^(c-e-<O^^W^:?itT^ a y 

-<73fi*g^Zn (4J-:J.T<D5£-eSc£it, C:ix^rpv>Tli 
TTiming recovery in digital synchronous recei 
versj (IEEE TRANSACTION COMMUNICATIONS, VOL. C0M-2 
so 4, No. 5, May 19, P516-P531) i:|2S#*4o 
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[0 0 0 5] 

Zn =- (Yn-1 xXn ) + (Yn XXn-1) - <D 
-Ofiffl^SZn \*fr-?y << 6 8 IZ&^XW-ffiit 
Sit. TWa^ffifflRSZn Hi 0«BEW«l»*B«6 9 

btifz? n 7 9 >-f)V7fr)V PS \\zy a- 

v ? 3iU * v^;u*;p^6 1 K is it £-9- > "^'J 

u 7 ^fif CJ: fcit&o Sfc, :<7)^d-^ 

-*#&SB) 7 OKA* Sit, f-^(?)SSt:fffi^n 

ho 

[0 0 0 6] ^<D9 n -y ^60?|£&<^£iS< -fhtztb, 

+ 1 , + 1 , -1, -1, + 1 , + 1 , -1, - 
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[0 0 0 7] 117(a) l±!K*<7) V- > if ^ MEii^S:^ 

7 7 * TinfcHBffi^Eiih 7 ? * Tout <Z>ES-3-~ ? 

S"Cti. £*>B17(a) rtJSffiOE» h 7 

7 ^ T in^fe^iSBOES h 5 y ^ Tout it, «5tE 
aoffiafft**— 5eH4^-Ci3 >K fl>S8BOE§* h ^ ? * 
Tout t:f t^<(7)ISIi^7 hU^^o 117(b) (i 

(a) ic*sit/-#Ei*j.-y h umzm-r-fcoy *- 30 

[0 0 0 8] [3 8(a) (IB 7(b) <D7>) T > :T;H»K« 
ri»itrt: h U-.=- v^ffi-^Ofljg Tout Ki5tt& 

i^ffiLM^^«iit$,^ 13 8(b) 14 H 7(b) 

7 *7 ^ TiniCi3fct^R*aiLift3BS:^-i-?ftJBB|-e**o 
[17(a) Hi3^T, h v * ^ Tout 

<h. h U-->y m*lr<09\-13 h v ^ ^ Tout (Zistt^fic 

as L«®oa«»o 2 fsic&£ 0 

[0 0 0 9] -tLT, 118(a), (b)Kisv*-t\ #T^i" 

&i>m®ktt &*o«-js- -arc* * t 1- 

2>£. 118(c) Utf1" J: 7 K. h ^ * ^ Tout icis 
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y ? Tinted ttilElfr** n y ^51 #i£*tf>B»&a ff 2 
[0 0 10] 

*W£EItt-ei4. 118(c) K^LfcJ: -? JHh77 

^Tout tcistt&ia«* p D^^3isa*ja*a2 f t. 
rt@h7 ? ^TinKfcit&iE*** * ? *3i§a*$>s 

ife^C 2 f fcsS*— a-r&O-C, flJSh^^Tout O^U 
T > y^SB^'b coffin* ^ «fc oT^ n y ^S:W*i"&B$ 
(7^y-r>3Vffl J§i£&2 f OjftTfiiRSI * ii 
***«£U IE1it4*n-y*S£#fTtoit4<4*i:v> 

[0 0 11] £^«to3 1 HUU &#<7>tefflH 

izn tttmLrv^ffiaso(DAni3v^r«i, 

> Y n. Yn-1 «i:0^K^ot 

LfcS*«-^Yn WU^/l/iEftL. Yn, Yn-1 ***H 

O ^ o v $ Wftm&*W:&'f & - t * S M i" 
[0 0 12] 

HOB*f-f x^SttoW^^U 1 tc^Sii^o 

J: 9 H**Wii> V- > tf v h EBJStf- 9 
**K» $ it >r Tstirh ffi S it/c * 

is J: CT^ n y ^ ^S^I'^^t'^ ^ 9 &m<D? uy? 

YnO+l, 0, - 1 (^3l^¥ffiLt, ^J^fl^Xn 
*^^>3ffi*iJ^[lIS&2 fc. >^«*Yn ^ 

t 1 y >*;vaitfca®-9'>:/ 1 ; >^fi#Yn-l «rft^> 
« 1 <OM&^WL 3 4: . mrfE*iJ^fg-^Xn *5>l->>#/u 
aitJta®JpJ5cfi-^Xn-l t^*2 0Ig¥a4i:, 
«fffiaffi*>^y >^m-^Yn-l tmrlEfl^M^Xn 4: 
0«*»JH-&»10»*t»»5 «fE*> , / , J>y 
m^-Yn fclWEaffi«56«-5-Xn-l tO«Sr?S^-r^g 
2 0#(t»S 6 4: , fflEi 1 4: # 2 ^^itSS 5.6** 

izn zw-ftit't&n'-'fy 4 st % Tftaott* 

M^Zn TlBlifflttft^WllllSiiSWSWfWftliBQ 

fH]B#u o w^;vir^^^B#iimJE^--/7 8^o 
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o u^^eaatti ot^tx.^^t*#at lx^ 

ho 

[0 0 13] 

Yn b*<DSMfe^Yn-l O U'* *U M 

[0 0 14] 

6 Xl&m L t' 4 * * ^fi^» ^ n 7 ^ 

[0 0 15] <OHififfilUi5V^-c<>. IH^Lfcv* 

✓ v^;v^bEfSP E t:iot^-yt^t?tL, 

f>*U 3ft*iJS[UK6 2 , 

7--^^gf7 0 lcA*£*i&o 3<i49J5EEIf&6 2tMi 
t^^^^fitYnO+l, 0, -1^3^1**^56* 
*U *U5fe«-*Xn **f*<b*U irt^J&lOltltJISe 5 
^2C9il5i»T-6 4 i:A*^ti^ 0 *Lt, *1W 
®}£^6 3tli, XJlZtltz*t>7V >^ffYn ^ 
<s> 1 '>>*^a*t^aii-9->yj >^{I#Yn-l tf*ffcfc 

^^StL/caiE^J^f^-Xn-l **flE5>*t&o S 
K*>yj >^«*Yn-l tfl^ffi-^Xn tlillOS 

?Ml#Yn i:®®*tJ^M^-Xn-l t li£ 2 0>»»t#» 6 

[00 16] ?II»?I6 7-C«kmSfLfcffi«R»Zn 
cOliffl^MZn 9ttEEMf)P%fit?6 9 Of&MJg&Sfc 
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^e*li*>^*^^6 1 1:7 4 - K/<? ^ Sit, * 

7 0 HA** ft. f-^o»fti:ttfflSftSwttffi*- 
[0 0 l 7] £l±OJ:-9*c«je*iifc8SlT'>f ^^«« 

10 yj>/MfYn 1 yvtf^aftfcae-tf-v-/ 1 ; > 

0 0 l">c;ufit&0K 1 

0* ? I5tt^nTv^ o r<7)gS 1 OflJfefclOO l^n^tS 

®g& l 0 (i. ^6 1 r^^n^-^v^ 1 ; > 

^{f-^Yn ^»itii*:i:4«W«III»2 1 £ 1 <OM 

i&m^e 3x\thtitzw&*y>7 x ) >^§tYn-i (-9- 

>7'J >mYn 1 v>#;vaiifc«-i-) *>*fi# 
lt£ £*«*Mfiiaft2 2 ftt>ftfc2O<0«Wfif 
Ott»*iMI+*ira*S2 3, i3J:tf£4>fiD*tt*Bl« 

[0 0 18] ^LT. Z<Ditm&2 4i:i»). 
EJg&l 0 KJ: *)3\ZM&6 7 t fr-^yjfr? 6 8 t<D 

mizwirtbfLtzfflffiAj oa*ea***i*o 

^1^-Yn-l <D\ss<)Vtf0 \ssOV\Ztg: hti: < i&OTN 0 

[0 0 1 9] H3«±V-> tf y HES***:ffffl LfefiS 
^S*lllfi&3 OOft^^^i-rn^^IUSSEI-C*)^. U 

2TKflLfc**wo* 1 (o%mm<om%7^ x^si 

O^n^fi4|IB2 0tll 0 U-^^EtSlIB 1 00 

[0020] z<Dm2<n%nmiz&^xi>^ *>yu> 
mYn 1 v>^;vatL^aj£-^>-/ , >' >^«* 

Yn-l 00 i^;v£S£*&-r£ 0 u^;vfiaia]»l 0**K 
tt^tLtv^So zz<n^2<n%mm<no u^;vEtfi[llBi 
Oii. *>7 p ^*/u* r 6 1 "Cfffe*Lfc*>yy 
Yn ^Saiitifc^cL, t>yj^mYn <Dffi^SS{t 
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1 oit^ff 3 1 1 , ftunmrnrnTe 3x-ftbtitzmm 

Yn-l zmcwi&tit&L. ^>y f ) 

"H" <nm J i§-Ztiif)-t&%2<Dlt%t&3 2, fc-fctflfcl 

<r)it$L&3 1 t is 2 ojttssf 3 2-A-h(omt>m^r<omm 

«£iSig-r<&AND|5]S&3 3 t*f>Sl?ii4, 
[0 0 2 1 ] -€-LT, £<7)AND[|]&3 3 i:± , ^1 
<Dit$ffi3 1 tm2<Dltm&3 2*t)OffliW4 f Hft 
tco u^mfcofcfcJpJseSiifcBSli, 0 l^^SStS.® 
SSI OKi: !9?|§S:tff6 7 ^-^7^*^ 6 8 i<OP4 

3I*JM*6 7-e«Ul$iifctt*IR36Zn ®*-7'7 -f ^ 
* 6 8^<7)A*#Jiaff?^, ttEffllttftiM? 6 9**i^ 

4<i4„ fit, ■i-<0§k&ffl&L&WiE18.<n? n y 

Yn-1 CO l^-fUji* 0 U^HC* <b < ^SOt, 0l"< 

[0 0 2 2] B4 tT? hK»***SJBLfc« 

^S^[USS4 0coS^^^i"^ n ^^E]£&llT**»9. SI 

2 "TRW Lfc*»93<0» 1 ^SlifcWOfiMlf-f AtgtW: 
<D?uv ^S4H]B2 0 0 U^;HS»B1E& 1 0 O 

[0 0 2 3] dOf£3 0HM#lK*3^T fc. tV^'JV 

Yn-i <oo i"<;i/*i£ti-r& o u^;veaia»i o**k 

OHIi, *10Hftfl|i:HttU, +>yj>^«*Yn 

■S-Yn-1 ^«Wtefcfc*«»1itIK&2 2 t . ffce>*irt:2 
oo«it1tfl-S-0»fD 1ID»» 2 3, 

£<boT. M#**0 U^;Wc*ofcJ:*iJ5e1-*Jfc«#2 
4**£>&o fit, C<0*3^HifiWC(i. Jt*KS2 4 

1-C£«S»S*U fS«PfiEll]B4 2-C¥*&««^*EE 

[oo2 4] fit, mi<o%mmtmm^. 

S 2 4 \ZX 7*) >* r «*Yntaa*>^ ,, J >^ 

lf-f-Yn-1 7^B#H 0 l^;W::*ofc£#l5eSft*:B5 
(J, 0 U^gtaUSS 1 OK J: i9?l§g:S6 7 y 
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oT^ n y ^#B£Sft&S:ftrt*4 < &*>o f Lt, f 
•/U V^fl-tYn if OSiSfI-SfYn-1 OM^Ol/ 
THRU** ^fSOffli:^^ %<nto--ftf*2tiiiP<* 
[0 0 2 5] H5li!/->kTy hEft**t8ILfcB 

2 tRSLfc«WO* 1 OgOfcWOBMtrW * 

<D? u y ^S4@»2 0 ild\ OU^ifilBl 0 0 

^ffitflOSB^rM x^glO^u ? ^S£H]E&2 0 fc 
[0 0 2 6] CO*4<0HttfajUi3V>-r6. *9->^u> 

mYn i zs>tf)ismtifrmm*r>'?v >ymj§r 

Yn-l COO U^;i/*Etl-r* 0 U"«;l/£t&||]B 1 0 3i*K 
52^ ^oaffffi^gSffiiiJtKL. «JMII4<Hffi*tt 

>^)^&tttzSM^>^ } ) v^M-f-Yn-1 ^0 

30 ^^HJ:^, iOfi^o 

[0 0 2 7] *Lt, ^l<O^Jfe^Ji:ra«tC. -OJt®S 
S2 4i:J:^t>7 Pl J V^ffi-g-YntaE-^V-Zy 
^Yn-1 tmmizO U^frltZtt^tztm&ZtlfzVS 
(i. 0U^/HS«ia»l 0*cj:ijg|*#«6 7 4:^-^ 

or^n-y^A«S^Sit&sn***<4&o fit, f 

■/U >^fl-§-Yn tfOIifif Yn-1 ^)^i f 0l/ 
40 s<)V{z&b%:< ^r^O-e, 0 U^^ESIslHl 0 ^J:o 

[0 0 2 8] a±KWLfci? ^*«W"Cli. *>^y 
yvm^Yn if <oaffi«-f-Yn-l^V^;i/***ti 0 U 

50 [0 0 2 9] 



(6) 



&mW- 6- 8 4 2 9 0 



9 

[HI 1 ] #5&WOSB«7'>f ^iSfi^i? n y ^W^EItt 

[H3] *|BK^ja«if'-f d ^ 

<Ofg 2 w|lifi«0»flE«:^i--rn 7 ^ [sIi&IS"e*&o 

[16] «£*0«8«7M ^^giO^n y ^W^IUtt^ 

[H7] (a) liv*->tf v HEft*a©«»7-f^^K 
Btdstt-ST*^ ^^rtffl«Bi:7'-< ^^^Sffi^Ei* h ^ 

(b) fi*E«J--^ h \z&tfZ>lU%7*-9<r> 7 

[13 8] (a) till 7(b) O^J 7>-/^»i:**iifc h 
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JBBU (b) 14 H 7(b) TV y^afrfc^tfrtifz h 

(c) 14(a) , (b) «!)H^-->^«*tcJ:4^ny 

^3isa*««»i:iR(tt3i§a*a*»^Mfft»wi- 

1,61 — •*f>-/;i/*;v# r 

2 . 6 2 — 3ffi*0SEtt 

3 , 6 3**» 1 OlBf? 
10 4,6 2^IS»i 1 

5, 6 5-#l 

6, 6 6-JS2«>#HtJtS 

7, 6 7-3l§»8 

8 , 6 8 — 4 

9, 6 9-WEW«l3ft«S 

1 o — O i"<;Hlt&llflE& 

2 1, 2 2, 51 — ifft*Mfi[5]B& 
2 

2 4, 3 1, 3 2. 5 3~Jt«S 
20 3 3--AND0K 

4 1 -^ssssaiatt 

4 2-AftMftlslB* 

5 2 •••»*» 

7 0-f f -*W*» 

8 O-BBH^'f 
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